Objective: Previous research has produced mixed results pertaining to the association between hostility and insulin resistance. These inconsistent findings may be the result of a lack of studies examining potential moderators of this relationship and inconsistent measures of insulin resistance and/or hostility. We hypothesized that hostility may interact with circulating norepinephrine (NEPI) levels, indexed by 24-hour urine concentrations, to affect insulin resistance. Methods: Six hundred forty-three men (mean age ϭ 63.1 years) free of diabetic medications completed the Minnesota Multiphasic Personality Inventory and participated in a laboratory assessment. The Cook-Medley Hostility (Ho) and 24-hour urine NEPI were used to predict insulin resistance defined by the homeostatic model assessment (HOMA) index, 2-hour postchallenge glucose (PCGL), and insulin levels (PCIL) after controlling for nine common covariates. Results: Multiple regression showed that the two-way interaction between Ho and NEPI significantly predicted HOMA and PCIL, but not PCGL, after controlling for covariates. Simple regression slopes of Ho on HOMA and PCIL were explored and indicated that, at higher levels of NEPI, higher Ho was associated with higher HOMA (␤ ϭ 0.14, p Ͻ .05). Ho was not a significant predictor of HOMA at mean and lower levels of NEPI. Similar results were obtained for PCIL, but not PCGL. Cynicism, but not other subscales of Ho, was similarly related to insulin resistance and NEPI. Conclusion: Individuals with high stress and high hostility were more likely to have insulin resistance. It is important to study moderators in the relationship between hostility and insulin resistance. Key words: hostility, norepinephrine, insulin resistance, HOMA, metabolic syndrome.
INTRODUCTION
T he metabolic syndrome, also called "syndrome X" and "insulin resistance syndrome," is a cluster of pathophysiological features, including visceral obesity, insulin resistance, hyperglycemia, hypertension, and dyslipidemia, that increases the risk for both cardiovascular disease (CVD) and type II diabetes (noninsulin-dependent diabetes mellitus [NIDDM] ) (1) (2) (3) (4) . Among these features, insulin resistance is believed to play a central role in the development of the metabolic syndrome (5) (6) (7) . Although the pathogenesis of insulin resistance may be related to proliferation of fat tissue, genetic disposition, hormonal dysfunction, and other pathophysiological processes (8, 9) , psychosocial stress has also been shown to be an important factor (10) . Given the fact that stress and certain psychosocial factors have been linked to the development of CVD and NIDDM (11, 12) , insulin resistance and the metabolic syndrome might play a mediating role in these relationships, although there is no direct evidence to support this hypothesis.
One psychosocial factor that has been intensively studied is hostility, a personality disposition characterized by chronic anger, cynicism, distrust, and antagonism (13) . Hostility has been reported to be an independent risk factor for CVD as well as all-cause mortality in a number of prospective studies (3,14 -16) . However, previous research regarding the association between insulin resistance and hostility has been inconsistent. One issue is the diversity of measurement methods of insulin resistance across studies, potentially contributing to the inconsistency. Using a homeostatic model assessment approach (HOMA) (17) , Surwit and colleagues found hostility was correlated with greater insulin resistance (18) , but Philip and Facchini did not find such a significant relationship using the standard oral glucose tolerance test (OGTT) to define insulin resistance (19) .
Other studies have used proxies such as fasting glucose levels, fasting insulin levels, and measures of obesity to assess insulin resistance. Hostility has been positively correlated with an increase in visceral adiposity and fasting insulin in a sample of American postmenopausal women (20) and average blood glucose measured by HbA 1c in a sample of Japanese adult men (21) . More recently, a large epidemiologic study of a Swedish sample (22) found a longitudinal association between cynical hostility and metabolic syndrome in which insulin resistance was a major component and measured by an insulin sensitivity check index (QUICK-I) (23) . Using a similar strategy to define the metabolic syndrome, another study of 134 children aged 8 to 17 years found that children with higher scores of hostility were more likely to exhibit metabolic syndrome at a 3-year follow-up (24) . Among the components of metabolic syndrome, insulin resistance, measured by the HOMA method, contributed most to the factor score.
It would be methodologically important to investigate which measures of insulin resistance are associated with hostility in a single sample. Inspecting the formulas (17) , QUICKI (ϭ1/[log(I 0 ) ϩ log(G 0 )], where I 0 and G 0 are fasting insulin and glucose concentrations, respectively) is basically the same as HOMA (ϭG 0 * I 0 /22.5) with an inversed log transformation. Studies have shown that HOMA was correlated well with the hyperinsulinemic euglycemic clamp derived insulin resistance, the gold standard measure of insulin resistance (17) , with correlation coefficients of 0.73 to 0.82 in two studies (25, 26) . Other proxies of insulin resistance we proposed to test were 2-hour postchallenge glucose levels (PCGL) and insulin levels (PCIN). These measures are routinely used in clinical practice, but have not been frequently examined in terms of their relationships with psychological factors in the literature. It is worthy to note that various measures and proxies of insulin resistance are physiologically and computationally related. Both HOMA and QUICKI are based on fasting glucose and insulin levels. PCGL is part of the standard OGTT protocol routinely used in clinical practice to diagnose diabetes. Although PCIN is usually not part of OGTT, it can be added to obtain information on how insulin has responded to the glucose load. PCGL and PCIN were moderately correlated with the hyperinsulinemic euglycemic clamp-derived insulin resistance, 0.58 and 0.50, in two separate studies (27, 28) . Glycosalated hemoglobin A 1C (HbA 1c ) assesses long-term glucose control and is often used in gauging diabetic treatment. It is not recommended for initial diagnosis of diabetes and not considered as a good measure of insulin resistance. The hyperinsulinemic-euglycemic clamp technique is regarded as the gold standard measure of insulin resistance, but it requires constant intravenous infusion of insulin while monitoring glucose levels; therefore, technically complex and expensive (17) . Hence, the present study used three insulin resistance measures: HOMA, PCGL, and PCIN.
It is also important to examine potential moderators of the relationship between hostility and insulin resistance. For example, Surwit et al. (18) found that the correlation between hostility and HOMA was significant among women, but not among men, and that ethnicity might also moderate the association. Another potentially important moderator of the influence of hostility on insulin resistance that has received little attention is psychosocial stress. The stress moderation model (29) speculates that hostile individuals, when faced with stressful situations, may be more likely to perceive stress and have an exaggerated stress response. An earlier study (30) found higher fasting insulin levels in a group of elderly individuals with high hostility and high daily hassles and higher fasting glucose levels in individuals with high hostility and under chronic stress (i.e., taking care of a spouse with dementia) compared with other groups. However, this study did not directly measure insulin resistance. Hence, to advance previous research, it is necessary to examine the interaction effect of hostility with stress on measures of insulin resistance. In the present study, we propose to use a 24-hour urinary norepinephrine (NEPI) level as an index of stress. Previous research has shown that the rate of urinary catecholamine excretion averaged over a 24-hour period may be an appropriately sensitive measure of real life stress (31) (32) (33) and that urinary NEPI is thought to be an index of sympathetic activity integrated over time (32) (33) (34) (35) . This may be advantageous because it is a more objective measure of stress and may be free of subjective bias as suffered by many self-report measures of stress (36) .
Another issue in this area of research is that different studies have used somewhat different measures of hostility. For example, some studies used the full scale scores of the Cook-Medley Hostility scale (CMHOST) (37) to test its association with insulin resistance (19, 20) , but other studies used a hostility scale as part of the Profile of Mood States (21) . In addition, subscales of CMHOST such as cynicism scales derived by Barefoot et al. (38) or by Costa et al. (39) have frequently been used in studies of insulin resistance (24) . Surwit et al. (18) assessed hostility with a 27-item scale from the CMHOST, including cynicism, hostile affect, and aggressiveness (38) . In contrast, Nelson et al. (22) measured cynical hostility using seven items from the CMHOST based on a factor analysis. In an attempt to resolve the previous inconsistencies in the literature, the present study conducted exploratory analysis on five different subscales of the CMHOST in terms of their associations with insulin resistance.
In summary, it seems that the inconsistencies in the existing literature examining associations among hostility and insulin resistance may be the result of a number of issues, including differences among measures of insulin resistance, differences among measures of hostility, and failure to consider important moderators such as race, gender, and stress. Although it is difficult to resolve these issues in a single study, the present study attempted to investigate how different measures of hostility were related to different measures of insulin resistance while at the same time examining the moderation effect of acute stress. Given the nature of the sample, we were not able to study the moderation effects of gender and race, like in Surwit et al. (18) .
The present study used a dataset from the Normative Aging Study (NAS), which is a longitudinal study designed to examine biomedical and psychosocial changes involved in the normal aging process. Previous works have been published using this dataset to study issues related to metabolic syndrome. Niaura et al. (40) examined how hostility was related to metabolic syndrome, which included blood pressure, serum lipids, and fasting glucose and insulin levels. A path analysis showed that the association between hostility and metabolic syndrome might be mediated by body mass index (BMI) and waist/hip ratio (WHR). However, they did not explore how hostility was related to indices of insulin resistance and potential moderators. In another study, Shen et al. (4) conducted a confirmatory factor analysis to show that metabolic syndrome was primarily represented by insulin resistance and obesity and, to a lesser extent, by lipids and blood pressure. The study did not examine whether hostility was related to the common factor of metabolic syndrome and potential moder-
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ators. The present study was designed to ask questions that were unanswered by the previous findings. The primary goal was to test the hypothesis that hostility (measured by the full-scale CMHOST) is related to insulin resistance (measured by HOMA) and that this relationship may be moderated by 24-hour urinary NEPI levels. There were two secondary goals with data analyses of exploratory in nature. We examined which of other measures of insulin resistance (i.e., 2-hour PCGL and 2-hour PCIN) demonstrated associations with hostility. We then explored whether certain subscales of CMHOST were significantly associated with insulin resistance.
METHOD Participants
The present study used a subsample of the NAS cohort. The NAS consists of 2280 men living in the greater Boston area who at enrollment (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) were 21 to 80 years of age, predominantly white (approximately 98%), had a high school education, and were free of chronic medical conditions such as cancer, CVD, or diabetes mellitus. Volunteers participated in regular examinations every 3 (age 52 or older) or 5 (younger than age 52) years. Since 1986, however, all men have been examined at 3-year intervals. Additional details of the sample and admission criteria have been described elsewhere (41) .
To be included in the present study, NAS participants were required to meet the following criteria: a) completion of the Minnesota Multiphasic Personality Inventory (MMPI) in 1986; b) participation in a subsequent comprehensive physiological and laboratory assessment; and c) not taking diabetic medications at the time of laboratory assessment. Of the original NAS sample of 2280, 1081 provided a valid MMPI assessment and participated in the laboratory visit. The average time from MMPI to laboratory assessment was 2.44 years (Ϯ1.25 years). Among these men, 238 were excluded because of missing information on glucose, insulin, or 24-hour urine sample. Another 14 men were excluded as a result of taking one or more diabetic medications at the time of laboratory assessment. An additional 186 men were excluded because their serum creatinine levels were either too high (Ͼ1.5 mg/dL) or missing as a result of concerns of their impaired renal function, which could potentially affect urine NEPI levels. These resulted in a final sample of 643 men for the present study.
Procedures
Participants completed the MMPI assessment by mail. On the night before their scheduled laboratory visit, participants were instructed to refrain from eating or drinking after midnight and avoid smoking after 8:00 PM. The physiological assessment included blood pressure measurement, blood work, an anthropometric evaluation, and assessment of health behaviors by standardized questionnaires. The first blood sample was drawn at 8:00 AM to measure fasting insulin and glucose. Another blood sample was taken 2 hours after the participant orally consumed a 100-g glucose load to obtain postchallenge insulin and glucose concentrations. Twenty-four-hour urine samples were collected at home by each participant and returned at the examination. Each participant completed a questionnaire that elicited information on urine collection times, missed collections, spilled urine, and medication use. It should be noted that there was a time lapse, approximately 2.44 Ϯ 1.25 years, between the MMPI assessment (of which hostility scores were derived) and the laboratory testing (of which insulin resistance measures and 24-hour urine norepinephrine were obtained). This study has been approved by the Institutional Review Board and the Human Studies Subcommittee of the Research and Development Committee at the Boston VA Medical Center.
Measures

Fasting and Postchallenge Serum Insulin and Glucose
The two blood samples were analyzed to obtain fasting and postchallenge insulin and glucose values. Serum glucose concentration was measured in duplicate on an autoanalyzer by the hexokinase method (42) . Serum insulin concentration was determined by a solid phase [ 125 I]-radioimmunoassay (Diagnostic Products Corp., Los Angeles, CA). The intraassay and interassay coefficients of variation for insulin were 3% to 5% and 5% to 7%, respectively.
Index of Insulin Resistance
Two indices of insulin resistance were calculated based on each participant's fasting glucose and insulin levels. The HOMA was computed as: HOMA ϭ glucose * insulin/22.5 (43) . Because of its skewed distribution, a log transformation was performed and the transformed data (Ln-HOMA) were used in subsequent analyses. The QUICKI was computed as: QUICKI ϭ 1/[log(insulin) ϩ log(glucose)] (23). Note that Ln-HOMA and QUICKI are perfectly correlated at Ϫ1.0 because the former assesses insulin resistance and the latter measures insulin sensitivity. Therefore, Ln-HOMA, not QUICKI, was used as an index of insulin resistance in subsequent data analysis. The PCGL and PCIN were also used as indicators of insulin resistance and/or glucose intolerance.
Urinary Norepinephrine
Urinary NEPI levels were measured by high-performance liquid chromatography with electrochemical detection according to the method of Smedes et al. (44) as modified by MacDonald and Lake (45) . The intraassay coefficient of variation for urine samples (corrected for recovery) was 4% to 6% and the interassay coefficient of variation was 6% to 7%. NEPI levels were adjusted for 24-hour urine volume and creatinine levels before being used in data analysis.
Body Mass Index and Waist-to-Hip Ratio
A series of anthropometric measurements were made with participants dressed in underwear and socks only. Measurements included height, measured against a wall chart to the nearest 0.25 cm; weight, measured on a balance beam scale to the nearest 0.45 kg; waist circumference, measured in centimeters at the level of the umbilicus; and hip circumference, measured in centimeters at the level of greatest protrusion of the buttocks. The indices were calculated from these measurements as follows: BMI ϭ weight (kg)/ height (m) 2 and WHR ϭ waist circumference/hip circumference. The BMI was a standard measure of obesity, whereas the WHR is more reflective of ventral obesity. Both variables were used as covariates in data analysis because previous studies have shown their association with metabolic syndrome in the NAS data (4, 40) .
Hypertension
Hypertension (HTN) was defined on the basis of diagnosis by the study physicians (board-certified internists), review of medical records, or antihypertensive medication use (46) .
Health Behaviors
Behavioral risk factors assessed included alcohol and tobacco consumption, physical activity levels, and diet. Dietary data were obtained by means of a semiquantitative food frequency questionnaire (FFQ) (47) , which was mailed to each participant and completed before the examination. The FFQ lists food items with serving sizes and elicits information on frequency of intake during the past year. Nutrient scores were computed by multiplying the frequency of intake by the nutrient content of the food items. Macronutrients examined in the present analyses were total caloric intake (kcal/day) and alcohol drinks per year. Information was also obtained on number of cigarettes currently smoked per week. Physical activity was assessed on a scale derived by Paffenbarger et al. (48) . Responses to questions about the number of flights of stairs climbed per day, walking pace, and frequency of various sports activities were used to derive a continuous physical activity variable that assessed total kilocalories expended per week.
Hostility
Hostility was measured with the CMHOST scale (37) taken from the MMPI Form AX (49), which included items from both the MMPI and the MMPI-2. It is generally believed that the Ho scale measures an individual's cynicism, distrust, resentment, and trait anger (38, 50) . The full CMHOST scale score (Ho) was calculated based on all 50 items in the scale. Five subscale scores were calculated to measure different components of hostility, including four subscales described by Barefoot et al. (38) , i.e., cynicism (13 items), hostile attribution (12 items), hostile affect (5 items), and aggressive responding (9 items) and another cynicism scale based on Costa et al. (24 items) (39) .
Demographic Risk Factors
Age in years was assessed at the time of MMPI assessment. Education was divided into four categories: less than high school, high school graduate (including attainment of a general education diploma), some college or college graduate (2 years of technical school or 4 years of college), and some postgraduate or postgraduate education.
Data Analysis
Descriptive statistics of all variables were inspected for nonnormality and outliers. Log transformation was computed for skewed variables, including fasting and postchallenge insulin, NEPI, and HOMA. Hierarchical linear regressions were conducted for each of the three measures of insulin resistance: HOMA, PCGL, and PCIN, to examine the interaction between hostility and 24-hour urinary NEPI, controlling for age, education, smoking, alcohol use, caloric intake, BMI, WHR, HTN status, and physical activity. These covariates were selected based on their possible associations with insulin resistance and hostility shown in previous studies (40) . Nonsignificant covariates were kept in the final model because model estimates more accurately reflect population values when conceptually important covariates are retained even if they are not statistically significant (51) . Outliers with standardized residuals greater than 3.0 were dropped from the analysis. No more than three outliers were actually excluded in each regression analysis. Some variables such as postchallenge glucose and insulin levels had more missing data than others, but the amount of missing data was less than 5% of the total sample data. In each regression analysis, covariates were entered in the first step, and the main effects of hostility and NEPI were entered at the second step. All variables were centered before entering in regression analysis. The interaction term between hostility and NEPI, which was a product of the centered hostility and centered NEPI, was entered in the third step. If the interaction effect was significant, simple regression slopes were explored following the recommendations of Cohen and colleagues (52) to investigate how NEPI might moderate the relationship of hostility with insulin resistance. Specifically, simple slopes of hostility were calculated when NEPI took the value of the mean, one standard deviation (SD) above the mean, and one SD below the mean. These represent how hostility was related to insulin resistance at different levels of NEPI (i.e., average, higher, or lower levels). The computation and significance testing used a web-based R program at www.unc. edu/ϳpreacher/interact/mlr2.htm created by Kristopher J. Preacher. Table 1 presents demographic, behavioral, psychological, and physiological characteristics of the sample at the time of the MMPI administration in 1986. Study participants were 643 men with an average age of 60.60 years (SD ϭ 7.55) ranging from 42 to 87. Demographically, almost two thirds of the sample had at least some college education. Notably, the average BMI (26.46 Ϯ 3.43 kg/m 2 ) is suggestive of a relatively overweight sample. Approximately 10.3% of the sample smoked cigarettes. An average person in the sample had more than one drink of alcohol per day. Table 2 shows the zero-order correlation coefficients between different measures of hostility and some of the major covariates, insulin resistance measures, and NEPI. Table 3 shows the intercorrelations among hostility measures and among insulin resistance measures. The six different measures of hostility were moderately to highly correlated with each other, with rs ranging from 0.37 to 0.94. The three measures of insulin resistance, HOMA, PCIN, and PCGL, were moderately correlated with each other, ranging from 0.39 to 0.55. From Table 1 , Ho was not correlated with either PCIN or PCGL (rs ϭ 0.01 and 0.07, respectively, ps Ͼ .05). However, Ho was significantly correlated with HOMA (r ϭ 0.10, p Ͻ .05). Note that these are zeroorder correlations. The following analyses will examine the relationship between Ho and measures of insulin resistance controlling for common covariates that are known to be associated with insulin resistance. Figure 1 shows the differential regression slopes of Ho at lower, medium, and higher levels of NEPI. When individuals had higher levels of NEPI, higher Ho was associated with worse insulin resistance measured by HOMA, but this was not the case when individuals had either medium or lower levels of NEPI.
RESULTS
Sample Characteristics
Ho ؋ Norepinephrine Interaction on Postchallenge Insulin Level
The results of hierarchical multiple regression on PCIN were similar to those of HOMA. Covariates explained approximately 22% of total variance in PCIN (F [9, 586] Figure 1 . When individuals had higher levels of NEPI, higher Ho was associated with worse insulin resistance measured by PCIN, but this was not the case when individuals had either medium or lower levels of NEPI.
Ho ؋ Norepinephrine Interaction on Postchallenge Glucose Level
Hierarchical multiple regression showed that covariates explained approximately 11% of total variance in PCGL (F [9, 586] ϭ 7.25, p Ͻ .001). Significant covariates included WHR (␤ ϭ 0.10, p Ͻ .05), BMI (␤ ϭ 0.21, p Ͻ .001), age (␤ ϭ 0.14, p Ͻ .01), and HTN (␤ ϭ 0.15, p Ͻ .01). Neither the main effects of Ho or NEPI, nor the interaction of Ho and NEPI, was significant (all ps Ͼ .05). Therefore, simple regression slopes of Ho were not examined. Ho was not associated with PCGL, and the interaction of Ho and NEPI was not significant.
Other Measures of Hostility ؋ Norepinephrine Interaction on Insulin Resistance Measures
As an exploratory analysis, we also examined which subscales/components of CMHOST were associated with insulin resistance in the same pattern as described previously for the full scale score. Four subscales from Barefoot et al. (38) , including cynicism, hostile attribution, hostile affect, and aggressive responding and another version of cynicism from Costa et al. (39) were used. The analyses followed the same scheme as described previously. Each hostility subscale was used to predict each of the three insulin resistance measures. Therefore, an additional of 15 (5 ϫ 3) hierarchical multiple regressions were conducted. As a result of limitation of space, a detailed report of the results of all 15 analyses is not possible. Instead, a summary of the results is shown in Table  4 . None of the main effects of hostility measures were significant after controlling for covariates, although the zero-order correlations were significant between Ho and HOMA, between cynicism (Barefoot et al.) and PCIN, and between the aggressive responding subscale and PCIN. Similar to the Ho ϫ NEPI interaction, the cynicism (Costa et al.) ϫ NEPI interaction was also significant for HOMA and PCIN. The cynicism (Barefoot et al.) ϫ NEPI interaction was significant for PCIN, but only marginally significant for HOMA. None of the interaction effects were significant for PCGL. The other three subscales, i.e., hostile attribution, hostile affect, and aggressive responding, did not significantly interact with NEPI in predicting any of the three insulin resistance measures. For the significant interaction effects between cynicism scales and NEPI, the same approach was followed to calculate the simple slopes of cynicism at higher, medium, and lower levels of NEPI. The patterns of the simple slopes were similar to Figures 1 and 2 .
DISCUSSION
The results reported here partially support the proposed hypotheses. Ho was positively associated with insulin resistance measured by HOMA, especially when participants had higher levels of 24-hour urinary NEPI, an indicator of sympathetic arousal and stress. Ho was positively associated with insulin resistance measured by PCIN only when participants had higher levels of 24-hour urinary NEPI. In contrast, Ho and PCGL levels were not related regardless of NEPI levels. It appears that Ho was differentially related to different measures of insulin resistance and that HOMA was especially sensitive to the relationship with Ho. The subsequent exploratory analysis showed that cynicism, but not other components of hostility, had essentially the same relationship with insulin resistance measures.
The finding that Ho was positively related to HOMA is consistent with other studies (18, 24) in different populations. Although previous studies have found moderation effects of sex and race on the relationship between Ho and HOMA, to our knowledge, the present study is the first to report the moderation effect of 24-hour urinary NEPI, a putative stress 
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indicator. These results are also consistent with an earlier study demonstrating that daily hassles and chronic stress moderated the relationship between hostility and fasting glucose and insulin levels (30) , although this study did not measure insulin resistance. Therefore, higher hostility, combined with higher levels of sympathetic arousal, may be associated with increased insulin resistance, which may place individuals at higher risks of developing either NIDDM, coronary heart disease (CHD), or both. Based on the stress moderation model (29) , when in a stressful environment, hostile individuals tend to be more likely to perceive threats, more likely to provoke hostile responses from other people as a result of their own interpersonal styles, and more likely to have exaggerated physiological responses to stress. With the release of stress hormones such as catecholamines and cortisol, the body is more likely to mobilize and release hepatic glucose into the bloodstream so that different organ systems can use the extra energy supply to cope with stress. Catecholamines, indicative of sympathetic arousal, can suppress the secretion of insulin from pancreatic beta cells (31, 53) . Cortisol can suppress the effect of insulin in regulating glucose (54) , which leads to the phenomenon of higher glucose levels combined with higher insulin levels. Cortisol can also redistribute body fat to central locations and downregulate insulin receptors in adipose tissues, which over time may be associated with the development of NIDDM (10, 53) . We found that Ho interacted with NEPI to significantly predict PCIN, but not PCGL. The main effect of Ho on either measure was not significant. The lack of a main effect of Ho is consistent with an earlier study (19) , which did not find a significant relationship among Ho, perceived stress, and plasma insulin levels after a standard OGTT. However, these investigators did not examine interaction effects between Ho and stress on insulin resistance. The OGTT is a standard method to assess insulin resistance and diagnose NIDDM in clinical practice (55) , but it has not been used extensively to examine its association with psychosocial factors. The present study suggests that post-OGTT challenge glucose is not sensitive enough of a measure of insulin resistance to demonstrate a significant association with Ho. In contrast, postchallenge insulin levels, as well as the HOMA index, do appear to be sensitive enough to detect an association with Ho, although potential moderators such as stress should be considered.
Another interesting finding in the present study was that cynicism, as measured by either the Barefoot et al. version or Costa et al. version, showed similar relationships with NEPI and insulin resistance measures. Other components of hostility such as hostile attribution, hostile affect, and aggressive responding were not associated with insulin resistance. This is not surprising because previous studies have shown that cynicism is the key component of hostility predicting higher risks of mortality (15, 38, 56) , worsened insulin resistance (22, 24) , increased abdominal fat distribution (57) , and poor health behavior (58) . Another reason that other subscales of CMHOST was not related to insulin resistance in the same fashion as the cynicism and the full-scale Ho is that they had relatively low reliability. The alpha coefficients in the study were 0.63 for hostile attribution, 0.54 for hostile affect, and 0.52 for aggressive responding. In contrast, the alpha coefficients were 0.74 for cynicism (Barefoot et al.) and 0.83 for cynicism (Costa et al.) . Low reliability of a measure tends to attenuate its correlation with other measures.
There are both advantages and limitations of the present study. We examined three different measures of insulin resistance, HOMA, postchallenge glucose, and insulin levels, and compared their sensitivity in terms of their associations with Ho. We followed a theoretical stress moderation model to study the effect of Ho as opposed to the simple main effect of Ho examined in many previous studies. We also explored which components of hostility were more important in relating to insulin resistance. In addition, the present study had a large sample size, which yielded more robust results compared with studies with smaller samples. Finally, we used a relatively more objective indicator of psychosocial stress (24-hour urinary samples of NEPI), which is exempt from self-report bias and the confounding effects of personality variables. Despite these advantages, several limitations should also be discussed. First, the nature of the sample (i.e., older males, primarily white, normal health status at baseline) may have obscured relationships between hostility and insulin resistance that may have been evident in a more general and representative population sample. Therefore, generalizability of our results to younger men, women, and ethnic minority populations is limited. Second, we did not include measures of cortisol, which may have assisted with the interpretation of pathways of how hostility is associated with insulin resistance. Third, hostility measures were derived at a different time point than the insulin resistance and 24-hour urine NEPI measures. Although hostility is a relatively stable personality trait over time, changes in hostility may be predictive of progression of certain pathophysiological processes (59) . Fourth, the interactive prediction between NEPI and hostility on insulin resistance (e.g., HOMA) was statistically significant but not robust. Further work refining this relationship both conceptually and methodologically should seek to increase the amount of variance in insulin resistance accounted for by hostility and levels of stress. Finally, all three measure of insulin resistance are proxy measures. We were not able to perform the gold standard assessment of insulin resistance, the hyperinsulinemic euglycemic clamp, which is technically complex (17) . The use of the clamp technique would have made the association between hostility and insulin resistance more definitive. More research is also needed to study the postchallenge glucose and insulin levels in association with psychosocial variables given their importance in clinical practice.
In summary, the present study found that the relationship between Ho and insulin resistance was moderated by 24-hour urinary NEPI. Higher Ho combined with higher NEPI was associated with greater insulin resistance, especially when measured by HOMA and postchallenge insulin levels. It appears that cynicism was the critical component of hostility in terms of its association with insulin resistance. Future research is needed to replicate these findings in other populations such as women, younger individuals, and individuals from diverse racial and ethnic status. Future research should also use more direct measures of insulin resistance such as the clamp technique to strengthen the findings and measures of adrenocortical activities through cortisol to further elucidate psychophysiological pathways from hostility to insulin resistance. If it is true that hostility combined with high stress reactivity leads to insulin resistance, and subsequently NIDDM and CHD, intervention programs could be designed to help individuals predisposed to hostile responding to better cope with stress. Potential protective factors should also be studied, such as social support (60) , sense of coherence (61) , and life satisfaction (62) . 
